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A new electrospray tip with a wire insert was tested and compared with the conventional bare
fused silica capillary tip. The new tip combined the approach of conventional fused silica spray tips
with those containing metal wires. Here, we used a floating wire so that the tips could be prepared
and replaced more easily. With the conventional tip, the electrospray process became unstable and
the spray current fluctuated significantly in the presence of an air bubble. When the wire-inserted
tip was used under the same conditions, much less signal deterioration occurred. The superior
performance of this tip over the conventional tip was attributable to its enhanced electric conduction.
The new tip has great potential for improving signal stability in LC mass spectrometry. (J Am Soc
Mass Spectrom 2009, 20, 751–754) © 2009 American Society for Mass SpectrometryThe inception of electrospray ionization (ESI) togenerate ions for a mass spectrometer [1, 2] has hada large impact on the analyses of biopolymer [3],
environmental [4, 5], and petroleum samples [6, 7]. Elec-
tric energy clearly plays an important role in the ESI
process, and the electrostatic field distribution at the
emitter is crucial to improving ESI efficiency and stability.
The electrostatic field distribution can be even more im-
portant for the micro-spray ESI [8, 9] because it is often
carried out without the assistance of drying and/or neb-
ulization gas. For this reason, many studies have been
devoted to improving spray tip architecture and subse-
quent field distribution. Spray tips made of bare fused
silica [8, 10], stainless steel [11], metal-coated glass or silica
[12, 13], carbon-coated silica [14], graphite-coated silica
[15], carbon nanofiber [16], and conductive polymer-
coated silica [17] have been reported.
The spray tips can be divided into two main catego-
ries according to their electric conductivity: those made
of a conducting material like stainless steel, and those
made of a nonconducting material such as bare fused
silica. The electric conduction behaviors of these two
types of spray tips have been investigated thoroughly
[18]. The solution resistance (Rs) was found to be a
significant factor for nonconducting tips, resulting in a
large drop in iRs of the applied voltage, especially when
remote electric contact was made [18]. This means that
the performance of nonconducting tips can be more
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ducting tips. However, nonconducting tips are used
more widely, presumably because they are cheaper,
easier to make and replace, and have a wide range of
internal diameters available. Many attempts have been
made to improve the electrical conductivity of silica
tips, e.g., metal-coated tips [12, 13, 19]. However, metal-
coated tips lack long-term stability and may have a risk
for particulate contamination [13, 19, 20]. Another way
to enhance conductivity has involved dipping a metal
wire into the solution inside of the capillary as a conduct-
ing electrode [21–23]. Fong and Chan showed that the
placement of a very fine gold-plated tungsten wire (about
10 m) through a glass tip helped to maintain stable ESI
for over 3 h at a low flow rate (25 nL/min) [22]. The
inserted wire played an important role in stabilizing the
nanospray by providing electrical contact.
In this work, a new nano-electrospray tip with a
floating metal wire was demonstrated. Unlike previous
attempts from other groups [21–23], the wire was not
connected directly to a power supply, so that it could be
easily prepared and replaced. The electric conduction was
made to a metal union located at the back of the capillary
tip, and the floating wire was shown to decrease solvent
resistance and increase electrospray stability.
Experimental
Sample Preparation
Rabbit phosphorylase b protein was purchased from
Sigma (St. Louis, MO) and used as a standard. The
samples were prepared with HPLC-grade water, aceto-
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mg/mL phosphorylase b was performed in 6 M urea
and 100 mM Tris buffer. The protein was reduced with
10 mM dithiothreitol (DTT) and the mixture was left for
1 h at room temperature. Reduced protein was alky-
lated for 40 min in the dark with 55 mM iodoacetamide.
Finally, sequencing-grade trypsin (enzyme:substrate
(wt/wt) ratio 1:50; Promega, Madison, WI) was added
to the sample at 30 °C and the sample was allowed to
digest for 16 h. The digested peptide mixture was dried
completely under vacuum and reconstituted in 0.1%
formic acid in HPLC-grade water (Sigma).
Instrumentation
All mass spectra were acquired using a QSTAR XL
mass spectrometer (Applied Biosystems, Foster City,
CA). The nano-ESI system was composed of an ESI
emitter, a microinjection valve (Upchurch Scientific,
Oak Harbor, WA), a column mount, an image viewing
system, and X,Y,Z stage. The stage was installed to
position an ESI emitter in reference to the metal cap
orifice. Typically, the emitter was located 1 to 2 cm in
front of the orifice. An Exigent nano-LC system (Dublin,
CA) and capillary HPLC columns (30 cm  75 m i.d.;
300 ÅA particle size; Huad Biotechnologies, Chonju,
Korea) were used for peptide separation. The C18
stationary phase was used for peptide analyses.
Electrospray Conditions
ESI emitters made of tapered bare fused silica and the
metal wire inserts were provided by Huad Biotechnol-
ogies. Tapering was performed with a laser micropi-
pette puller P-2000 (Sutter Instrument Co., Novato,
CA). Refer to the Results and Discussion section for
more detailed information on the emitter. Commercial
nano-ESI emitters made of bare fused silica were pur-
chased from New Objective (Woburn, MA). The ESI
emitter was connected to the capillary column via a
metal union. The electrical contact for spray solution
was made to the metal union, and 1 to 2 kV voltage was
typically applied.
Results and Discussion
Preparation of the Wire-Inserted Tip Assembly
A magnified illustration of the wire-inserted tip assem-
bly and its typical dimensions is presented in Figure 1a.
It was made of a fused silica capillary (360 m o.d.) and
a piece of metal wire made of a nickel-chromium alloy.
The end of the tip was tapered by heat and pulling to
make a 10 to 12 m orifice. The i.d. of the capillary was
selected according to the thickness of the wire. For
example, 150 m i.d. capillary tubing was used for 100
m diameter wire (refer to Figure 1a). Larger diameter
wires were preferred due to the easeness with which
the tip assembly could be constructed. Since wires withlarger diameters had better mechanical strength, it was
easier to insert them into a fused silica tube. In addition,
the commercial availability of a given wire diameter
was an important factor. The overall setup for the
micro-ESI tip system is presented in Figure 1b. Unlike
the previous attempts at using metal wires [21–23], the
electric conduction was made to the metal union, but
not to the metal wire itself. The metal wire was electri-
cally floating inside the silica tube and the connection
between the wire and metal union was made through
the solution. The wire was cut such that it did not
extend past the fused silica tube and did not contact the
column union. Solution flow also prevented the metal
wire from contacting the metal union by continually
pushing the metal wire toward the tip end. Since no
extra effort was necessary to connect the metal wire
electrically, the tip containing the metal wire could be
replaced with another just as easily as the commonly
used bare silica tips are replaced. In Figure 1, the wire
appears to block the flow of solution through the fused
silica tubing, but no pressure changes due to blockage
were observed. For the wire to block the tubing, the cut
shape of the wire’s end would have to match exactly
that of the narrowed portion of the silica tubing, which
would be almost impossible.
The ESI system was described in terms of an equiv-
alent electrical circuit by Jackson and Enke [18]. In the
circuit, solution resistance was defined as the resistance
between electrochemical contact and charge separation.
The effect of the wire on the solution resistance was
investigated by measuring the minimum voltage re-
quired to achieve a stable spray at a given length of
metal wire. Silica tubing emitters (20 cm), each with 5,
10, and 15 cm wire inserts, were evaluated under
identical instrumental parameters and spray solvent
composition (ACN:H2O, 50:50 with 0.1% formic acid).
The minimal voltage required for stable ESI decreased
almost linearly with the length of wire (data not
shown). It was therefore concluded that the inserted
metal wire helped decrease solution resistance by re-
ducing the area in which electric conductivity was
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Figure 1. Schematic diagram of a wire-inserted tip assembly and
its connection.facilitated solely by the solution.
and
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Figure 2 displays LC-MS total ion chromatograms
(TICs) and examples of MS/MS spectra obtained using
either a conventional fused silica spray tip in the
presence of an air bubble (left column), or the wire-
inserted tip under the same conditions (right column).
Of the phosphorylase b/tryptic digest, 100 fmol was
injected for LC-MS analysis. To perturb electric conduc-
tion, a bubble (2 L) was injected intentionally with the
sample to the column. The performance of the regular
spray tip deteriorated significantly with the passage of
air bubbles. However, the wire-inserted tip appeared to
be much less affected by bubbles. The TIC was more
stable (compare the top left and right in Figure 2) and
the MS/MS spectrum exhibited a better signal to noise
ratio (compare the bottom left and right in Figure 2). A
database search was performed and only 11 peptide
sequences were identified from the spectra obtained
using a conventional spray tip. In contrast, 25 peptide
sequences were identified from the spectra obtained
using the wire-inserted tip (see Supplementary Data,
which can be found in the electronic version of this
article).
In the conventional micro-ESI system, the electric
connection between a DC power supply and the end of
the spray tip is established only through the solvent
between them. Therefore, any perturbation in the resis-
Figure 2. Total ion chromatograms and examp
tryptic digest with (a) conventional capillary tiptance of solution can negatively affect the ESI efficiencyand stability. As shown in the Figure 2, if bubbles are
formed in the spray tip, it results in an unstable ESI
process as long as the bubble remains in the system.
However, the spray tip with a metal wire insert had a
much shorter length through which the electric conduc-
tion was made only through the solvent. With this tip
assembly, the signal can be more stable since the ESI
process will be affected to a lesser extent by changes in
solvent resistance.
Conclusions
A new electrospray tip with an electrically floating
metal wire insert was described. The presence of the
metal wire enhanced conductivity and was shown to be
important in achieving a more stable ESI process. The
inserted metal also changes the fluid flow dynamics
inside the fused silica tubing, and may ultimately be
responsible for increased spray stability. This factor is
worthy of further investigation.
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